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Asteroid 4769 Castalia:  Interpretation of Optical Lightcurves
Using a Radar-Derived Shape Model

1<.S. JIudson (Washington State (J.),  S.J. C)SWO,  A. W. IIarris (J]’] ,/Caltcch)

A 167-parmckx,  3-11 shape model of Castalia (lludson & Ostro 1994, Scierlce  263,
940), obtained from inversion of dc]ay-])oJ@r  images, constrained the object’s
subradar latitude onthcdatc(Aug  .22, 1989) oftl]cobx~atio~~sb  ydcfit]i1~gai\
allrl~llar s@rcgiol]  fllatcorltaills [:aslalia's  I)olc. Wcllavc  tldfllc sllaIwlllticl anri
nominal llapkcpararnctcrs  for S asteroids (Rli19to  rnodcl  Crrstalia  lightc.urvc,s
obtainc.d  at’I’abJc  Mountain Observatory on Aug. 23-25, 1989, atsolarphascanglcs
ranging from 58° to 900 . 'lllisinvcstigatio]  ]dcfirlcs ti~cprojc~td  l>olc's a/,i1~~~lfl~al
oricl]tntiolla[ot]]ld tlIcradar  lillcof sigl~tatld thcrcfwcy icldsal cast-sqtlaresc  stil]latc
of the orientation of Gstalia’s north or south poky thm is insufficient geometric
Icvcragc to distinguish the rotation scmc  or to estimate values  of Ilapkc  parameters.
‘lhc model lightcmvcs  match the l“h40 data surprisingly well, given the modest
number of sh,apc parameters in the model and the fact that part of the asteroid was not
sccnby thcra(iar.

Visual comparison of the. Iightcnrvcs  with the fran~c-by-frame gccwntric  appcaranm
of the stltl-illt]~~]il]atcd  shape model reveals tbc de.tai Icd relationship bctwccn the
asteroid’s visible, illuminfitcd, projcctcd swrfacc ma and its disc-integrate.d
brightness. llcl]@, or]cilllll]diatcly  alldmll]lJlctcly ~lrlrlcrstands,  forcxa[]~]]lc, w,lly
o~lcliglltcl]rvc ]]li~lit~l~]ll] isdcqcranrl  sharper than theotbcr,and  wllyo[~c~l~axirl]~][[]
is weaker and flatter than tl)c other -- small asymmetries in the overall shape and
charactc.r  of mncavitics  at various scales all play a role in determining the form of a
ligll[ctlwc  ~]ndcrat~y givcnvicwill~ill~]ll] intitio]1gco11lctry.  ‘I’hcavailability  ofa
detailed shape model clearly cnhanccs tl]c interpretability of lightcurvcs, especially fol
vc.ry small (arldl]cr~cc  ]}otc~ltial  lyvcryirlcgL]lar)o  bjcctso bwrvcdatlargcpl]aw
angles.

In their inversion of the radar images, IIudson  and Ostro prc.scnted models
cmrcsponding  tolowcr anduppcrboundson  Castalia’s  bifuwation.  Thclightcmvc
datac]carlyf avorthcm orebifurcalcdnm de]. OL]rexjwricIlc&  sLiWcsts fllatoI>tical
lightc.uwcs may enhance the accuracy of future radar rccmskuc.tioms  of small asteroid
shapes, to a dcgrcc that woulrl depend on the gcomc.trical ci rcu mstancm cncm ntcrcd
inthc radar and optical obscrva!ions  aswcllas onthcastcroid’s  slla~and spin state.
1/or example, opt ical dc.tcnninatioll of a target’s the spin vector would shrink the
paranlctc.  rspaccfo rtherada  rinvcrsion. lnsonmc ascs,lightcurvcsmi  ghtprovidc
cxtralcvcragci  ]ls I>littir]gtl]cN/S  anlb]guit yinsinglc.d elay-l)oJ~plcri n~agcs.


